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We report on a theoretical study of the K−p→ ηΛ reaction near threshold by using an effective
Lagrangian approach. The role of s−channel Λ(1670), t−channel K∗ and u−channel proton pole
diagrams are considered. We show that the total cross sections data are well reproduced. However,
only including the s−wave Λ(1670) state and the background contribution from t− and u−channel
are not enough to describe the bowl structures in the angular distribution of K−p → ηΛ reaction,
which indicates that there should be higher partial waves contributing to this reaction in some
energy region. Indeed, if we considered the contributions from a D03 resonance, we can describe the
bowl structures, however, a rather small width (∼ 2 MeV) of this resonance is needed.
PACS numbers:
The K− induced reactions are important tool to gain
a deeper understanding of the K¯N interactions and also
of the nature of the hyperon resonance. The reaction
K−p → ηΛ is of particular interest in the hyperon reso-
nances since there are no isospin-1 hyperons contributing
here and it gives us a rather clear channel to study the
Λ resonances. Ten years ago, the differential and total
cross sections of the K−p→ ηΛ reaction have been mea-
sured, with much higher precision than previous mea-
surements, by the Crystal Ball Collaboration [1]. These
new data are obtained with beam momentum ofK− from
threshold to 770 MeV/c, corresponding to invariant mass√
s = 1.664− 1.685 GeV.
Current knowledge of Λ resonances are mainly known
from the analysis of K¯N reactions in the 1970s, and large
uncertainties exist because of poor statistics of data and
limited knowledge of background contributions [2, 3]. Be-
sides, the nature of some Λ states are still controversial.
Based on the available new data with much higher preci-
sion, the authors of Ref. [1] come to the conclusion that
Λ(1670) should be a three-quark state, while on the con-
trary the authors of Refs. [4, 5] argue that Λ(1670) is
a dynamically generated state. On the other hand, the
traditional three-quark features of Λ(1670) are shown in
Ref. [6] from a studying K−p → π0Σ0 reaction at low
energies by using a chiral quark model. It is clear that
some further and detailed studies, both on theoretical
and experimental sides, are still necessary.
Since the Λ(1670) has large coupling to the K¯N and
ηΛ channels, it is expected that Λ∗ should dominate this
reaction near threshold. In the present work, we re-
analyze the K−p → ηΛ reaction near threshold within
the effective Lagrangian method. In addition to the
main contribution from Λ(1670) state, the ”background”
contributions from the t−channel K∗ exchange and the
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u−channel proton exchange are also studied.
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FIG. 1: Model for the reactionK−p→ ηΛ. In these diagrams,
we show the definition of the kinematical (p1, p2, p3, p4) and
polarization variables r1, r2 that we use in our calculation.
The basic Feynman diagrams are shown in Fig. 1.
These include t−channel K∗ exchange, u−channel pro-
ton exchange, and the s−channel Λ(1670)(≡ Λ∗) terms.
To compute the contributions of these terms, we use the
interaction Lagrangian densities of Refs. [7–10]:
LK∗Kη = gK∗Kη(η∂µK− −K−∂µη)K∗−µ (1)
LK∗NΛ = gK∗NΛΛ¯
(
γµ − κ
2MN
σµν∂
ν
)
K∗µN
+H.c. , (2)
LηNN = gηNN N¯γ5Nη, (3)
LKNΛ = gKNΛN¯γ5ΛK +H.c., (4)
LΛ∗K¯N = gΛ∗K¯N Λ¯∗K¯N +H.c., (5)
LΛ∗Λη = gΛ∗ΛηΛ¯∗ηΛ +H.c.. (6)
where we take κ = 2.43 that determined by the Nijmegen
potential [11] and has been used in Ref. [12]. Other cou-
pling constants will be discussed below.
With the effective Lagrangian densities given above, we
can easily construct the invariant scattering amplitudes:
Mi = u¯r2(p4) Ai ur1(p2), (7)
2where i denotes the ith channel that contributes to the
total amplitude, and u¯r2(p4) and ur1(p2) are the spinors
of Λ and proton, respectively. The reduced Ai read
As = gΛ∗K¯NgΛ∗Λη
6p1 + 6p2 +MΛ∗
s−M2Λ∗ + iMΛ∗ΓΛ∗
, (8)
At = i gK
∗KηgK∗ΛN
q2 −m2K∗
(6p1 + 6p3 −
m2K −m2η
m2K∗
6q
− κ
mN
(p1 · p3 − 6p1 6p3)), (9)
Au = − gKΛNgηNN 6p2 − 6p3 −mN
u−m2N
. (10)
where q is the momentum of exchanging mesonK∗ in the
t−channel. The width of K∗ is not taken into account
since K∗ is in the t−channel. The subindices s, t, and
u stand for the s− channel Λ∗ exchange, t−channel K∗
exchange, and u−channel proton pole terms. As we can
see, in the tree-level approximation, only the products
like gΛ∗K¯NgΛ∗Λη, enter in the invariant amplitudes. They
are determined with the use of MINUIT, by fitting to the
experimental data [1], including the total and differential
cross sections. Besides, MΛ∗ and ΓΛ∗ are the mass and
total decay width of the Λ∗ resonance, which are free
parameters in the present work and will be also fitted to
the experimental data.
Because we are not dealing with point-like particles,
we ought to introduce the compositeness of the hadrons.
This is usually achieved by including form factors in the
amplitudes. In the present work, we adopt the following
form factors [7, 9, 10]
F (q2ex,Mex) =
Λ4
Λ4 + (q2ex −M2ex)2
, (11)
for s− and u−channel, and
F (q2ex,Mex) =
(
Λ2 −M2ex
Λ2 − q2ex
)2
, (12)
for t−channel, where the qex andMex are the 4-momenta
and the mass of the exchanged hadron, respectively.
For the cutoff parameters, we take Λ = 2.0 GeV for
s−channel, Λ = 1.5 GeV for t− and u−channel.
The differential cross section for K−p → ηΛ at center
of mass (c.m.) frame can be expressed as
dσ
dcosθc.m.
=
1
32πs
|~p3c.m.|
|~p1c.m.|
(
1
2
∑
r1,r2
|M|2
)
, (13)
where θc.m. denotes the angle of the outgoing η relative
to beam direction in the c.m. frame, and s = (p1 + p2)
2,
is the invariant mass square of the system.
In Eq. (13), the total invariant scattering amplitude
M is given by,
M =Ms + eiθ1Mt + eiθ2Mu . (14)
In the phenomenological Lagrangian approaches, the
relative phases between amplitudes from different dia-
grams are not fixed, so we introduce two relative phases
θ1 and θ2 between the background and the Λ
∗ contri-
butions as free parameters, which will be determined by
fitting to the experimental data.
We perform seven-parameter (MΛ∗ , ΓΛ∗ , gΛ∗K¯NgΛ∗Λη,
gK∗NΛgK∗Kη, gKNΛgηNN , θ1, and θ2) χ
2 fit to the total
and differential cross section data taken from Ref. [1].
There are a total 155 data points.
The fitted parameters for Λ(1670) are shown in Table. I
and other fitted results are: gK∗NΛgK∗Kη = 14.8 ± 1.7,
gKNΛgηNN = −5.6± 0.9, θ1 = 2.9± 0.2, and θ2 = 2.9±
0.3. The resultant χ2/dof is 1.3.
TABLE I: Adjusted parameters for Λ(1670) resonance. PDG
estimates are also listed for comparison.
Mass(MeV) Γtot(MeV) |gΛ∗K¯NgΛ∗ηΛ|
This calculation 1671.5 ± 0.2 23.3 ± 0.2 0.28 ± 0.03
PDG 1660 ∼ 1680 25 ∼ 50 0.31 ± 0.15
On the other hand, the coupling constants of gΛ∗K¯N
and gΛ∗ηΛ can be also evaluated from the Λ(1670) to K¯N
and ηΛ partial decay widths:
ΓΛ∗→K¯N =
g2
Λ∗K¯N
2π
(EN +mN )
|~pN |
MΛ∗
, (15)
ΓΛ∗→ηΛ =
g2Λ∗ηΛ
4π
(EΛ +mΛ)
|~pΛ|
MΛ∗
, (16)
where
EN/Λ =
M2Λ∗ +m
2
N/Λ −mK¯/η
2MΛ∗
, (17)
|~pN/Λ| =
√
E2N/Λ −m2N/Λ . (18)
With the value of total decay width ΓΛ∗ = 35 ± 15
MeV, a value of 0.25± 0.05 for the Λ∗ → K¯N branching
ratio, and a value of 0.175 ± 0.075 Λ∗ → ηΛ branching
ratio, quoted in the Particle Data Group (PDG) book [2],
we can get |gΛ∗K¯NgΛ∗ηΛ| = 0.31 ± 0.15, which was also
shown in Table. I for comparison. The error ±0.15 is
came from that the errors of the Λ∗ → K¯N and Λ∗ → ηΛ
partial decay widths.
As we can see in Table. I, the fitted parameters for
the Λ(1670) resonance agree well with that of the PDG
estimation.
During the best fit, we adjusted the product of the
coupling constants to experimental data. If we take
gK∗Kη = 1.6 that was obtained from the SU(3) pre-
diction [7], then we can get |gK∗NΛ| = 9.3 ± 1.0 which
roughly agrees with the value, |gK∗NΛ| = 6.1, which was
obtained from the SU(3) flavor symmetry in Ref. [11].
Since the value of gηNN is extremely uncertain and if
we adopt it as 2.24 that was used in Ref. [8], then we
get |gKNΛ| = 2.5 ± 0.5 which is much different with
3the SU(3) prediction value 13.3 [13, 14]. However, as
we mentioned above, the uncertainty of gηNN is very
large [15–20], so the adjusted coupling constant gKNΛ,
in the present work, may be still within the SU(3) pre-
diction.
Our best fits to the experimental data of the total cross
sections are shown in Fig. 2, comparing with the data.
The solid line represents the full results, while the con-
tribution from Λ(1670), t−, and u−channel diagrams are
shown by the dotted, dashed and dot-dot-dashed lines,
respectively. From Fig. 2, one can see that we can de-
scribe the data of total cross sections quite well and the
Λ(1670) gives the dominant contribution, while the t−
and u−channel diagrams give the minor but sizeable con-
tribution.
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FIG. 2: K−p → ηΛ total cross sections compared with the
data [1]. Results have been obtained from the best χ2 fit.
The solid line represents the full results, while the contribu-
tion from Λ(1670), t−, and u−channel diagrams are shown
by the dotted, dashed and dot-dot-dashed lines, respectively.
The dot-dashed represents the best results for the total cross
sections after including the D03 state.
The results of the best fit for the differential cross sec-
tions are shown with the solid line in Fig. 3. From there
we can see that the deviations between our theoretical
results and experimental data are evident especially for
the angular distribution at pK− = 730, 732, 734, 738, 742
MeV, where bowl-shaped structures in angular depen-
dence appear. It also should be noted that with includ-
ing the background contribution from the t−channel K∗
exchange and u−channel proton exchange, the backward
enhancement in the angular distribution for pK− from
750 to 770 MeV are reproduced.
In order to obtain a better description of the differen-
tial cross section data, especially at some energy points,
some other resonances that may contribute to this re-
action should also be considered. For the bowl struc-
tures in differential cross sections, one possible explana-
tion is that there might be d−wave contributions from
the s−channel with the excitation of D03 resonance. For
checking this, we performed another best fit: in addi-
tion to the contributions which were already considered
in the previous fit, the contribution from the D03 state in
the s−channel process are also included. The new best
fitting gives χ2/dof = 0.9 and we get a satisfied descrip-
tion for both total cross sections and differential cross
sections. The new results for the total cross sections are
similar with the previous results except for a small bump
around pK− = 736MeV(see the dot-dashed line in Fig.
2). The corresponding results for differential cross sec-
tions are shown with dotted line in Fig. 3, where the bowl
structures are well reproduced.
The fitted parameters for D03 resonance are mass
M = 1668.5±0.5MeV and total decay width Γ = 1.5±0.5
MeV. The mass of D03 is close to the PDG estimate for
Λ(1690) (MΛ(1690) = 1690 ± 5 MeV), while the width
is too small compared to the PDG estimate (ΓΛ(1690) =
60±10 MeV). The width obtained from the best fit is nar-
row because the bowl structures in the differential cross
sections are shown up in a narrow (±3 MeV) 1 energy
window.
One might think that releasing the limit of the cut-
off values for the form factors and inclusion of more Λ
resonances (such as Λ(1600)) might improve the situa-
tion that the width of the D03 state is too narrow. We
have explored such possibility, but we have found tiny
changes. The new best fitting still favor a D03 resonance
with very small width and the corresponding values for
the parameters of D03 resonance are close to the values
that were obtained above.
In summary, we have studied the K−p→ ηΛ reaction
near threshold by using an effective Lagrangian approach.
The role of the s−channel Λ(1670), t−channel K∗ and
u−channel proton pole diagrams are considered. The
total cross section are well reproduced. Our results show
that Λ(1670) gives the dominant contribution, while the
t− and u−channel diagrams give the minor but sizeable
contribution, especially for the backward enhancement in
the angular distribution for pK− from 750 to 770 MeV.
However, including Λ(1670) resonance in the
s−channel as well as the background contributions
is not enough to describe the bowl structures in the
angle distributions at some beam momentum points. A
general opinion is that these bowl structures in angular
distribution can be understood by further including the
contribution from Λ(1690)D03. Indeed, our calculations
show that with considering the D03 resonance, we can
describe the bowl structures, but a rather small width
of this resonance is needed. This means that the exper-
imental data can not be understood by considering the
1 This is evaluated from the K−p invariant mass changed, with
the range 730 − 742 MeV of pK− , by using the relation s =
(p1 + p2)2 = m2K− +m
2
p + 2mp
√
m2
K−
+ p2
K−
.
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FIG. 3: The best fitting results for differential cross sections. The solid lines represent the results by considering only Λ(1670)
and background contributions, while the dashed lines represents the result by including also a narrow D03 resonance.
conventional Λ(1690). On the other hand, the current
experimental data still have systematic uncertainties
especially when we look at the angular distribution data
obtained from two different ways of identifying the final
η meson(see Fig. 20 of Ref. [1]), so the present results
give a signal for the needs of further studies in this
reaction.
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